Health warnings are an effective strategy for communicating the health harms of smoking, encouraging quitting, and preventing smoking initiation. This study examines the effectiveness of existing text-only health warnings, identifies key predictors of warning effectiveness, and assesses support for pictorial warnings in Japan. Data are from the 2018 International Tobacco Control (ITC) Japan Survey, a cohort survey of adult cigarette smokers (n = 3306), dual users of cigarettes and heated tobacco products (n = 555), and non-cigarette smokers (n = 823). Weighted multivariable logistic regression models were used to assess predictors of warning effectiveness and support for pictorial warnings. Overall, 15.6% of respondents noticed warnings, and 7.9% read or looked closely at warnings. Overall, 10.3% of smokers and dual users said the warnings stopped them from having a cigarette, and 7.2% avoided warnings. Overall, 27.5% of respondents said the warnings made them think about health risks of smoking, but only 2.7% of smokers and dual users said the warnings made them more likely to quit. Overall, 57.6% of respondents supported pictorial warnings. The weak effectiveness of Japan's text-only warnings is consistent with that in other countries with similar warnings. There is majority support for pictorial warnings in Japan, although the level of support is lower than in other countries.
Introduction
Smoking is a major cause of premature mortality in Asia, accounting for approximately 2 million deaths in 2004 [1] . Japan is among the top ten countries with the largest smoking populations, where more than 20 million people smoke [2, 3] . Smoking-related diseases such as cancer, heart disease, stroke, and chronic obstructive pulmonary disease are leading causes of premature death in Japan [4, 5] .
It is estimated that smoking kills more than 120,000 Japanese people each year, with the age-specific proportion of all-cause mortality for males being much higher in Japan (24.9%) than in other Asian countries with higher smoking rates such as China (12.9%) [6, 7] . Although smoking prevalence is lower among Japanese females (9.3%) than males (26.6%) [2] , a pooled meta-analysis of data from 20 prospective cohort studies across six Asian countries found that Japanese females are starting to smoke at a younger age in more recent birth cohorts compared to earlier cohorts, with an increase in cigarettes smoked per day in successive birth cohorts [8] . A population-based prospective study in Japan found that compared to never smokers, overall all-cause mortality was more than doubled for current smokers who started smoking before age 20 years, with life expectancy reduced by nearly 10 years among those who continued to smoke [9] .
Prevention of non-communicable diseases caused by smoking is a critical challenge for population health in Japan, where smoking-related deaths are expected to rise substantially in the absence of effective policy interventions [10] . A recent modeling study that accounted for changes in smoking prevalence and the aging population in Japan estimated that the absolute number of cases and deaths from lung cancer alone will exceed 76,000 for men and 43,000 for women by 2035 [11] .
A key objective of tobacco control is to increase awareness of the health harms of smoking, which has been shown to increase smokers' quit intentions and quit attempts [12] [13] [14] . But very little is known about the level of awareness of the harms of smoking in Japan, a country that is the fifth largest consumer of cigarettes in the world [2] . A study of the Japanese general population found that cancer-causing viruses and bacterial infection (51%) were ranked as the top risk factor for cancer, followed by tobacco smoking (43%) [15] -when, in fact, tobacco use is the single most preventable risk factor for cancer and cancer-related deaths in Japan, as it is in most countries worldwide [5, 16, 17] .
Health warnings are an effective strategy for increasing knowledge about smoking-related health harms to smokers and non-smokers, as well as encouraging smokers to quit, and preventing smoking initiation among non-smokers [18] [19] [20] [21] [22] . There is strong evidence that pictorial warnings are more effective than text-only warnings [22, 23] . A systematic review found that cigarette warnings -especially pictorial warnings-are associated with increased knowledge of smoking-related harms, knowledge of quitlines and quitline calls, increased quit attempts and short-term quitting, and reduced smoking prevalence [24] . A meta-analysis of experimental studies also concluded that pictorial warnings are more effective in capturing attention, increasing thoughts about smoking harms, preventing smoking initiation, and increasing quit intentions than text-only warnings [25] . Similarly, a recent review of studies conducted in Asian countries found that pictorial warnings are more effective for increasing health knowledge, warning salience, and quit intentions, and deterring smoking initiation than text-only warnings [26] .
Japan became a Party to the World Health Organization Framework Convention on Tobacco Control (WHO FCTC) in February 2005. However, their progress in the implementation of effective tobacco control policies has been slow in comparison with other high-income countries. Since 2005, Japan has required text-only health warnings (two to eight messages in Japanese to be displayed at any given time) that cover 30% of the front and back of cigarette packs, which only meet minimal standards recommended under FCTC Article 11 and its guidelines (see Figure 1 ). Text-only warnings are also required on 30% of the front and back of packaging for heated tobacco product (HTP) devices that produce a nicotine aerosol for oral inhalation (two messages in Japanese, one on front and one on back of packs). Further details on message content of health warnings on cigarette and HTP packs are presented in Table 1 . In December 2018, the Ministry of Finance announced plans to increase the size of text-only health warnings to cover at least 50% of the front and back of both cigarette and HTP packs before the 2020 Summer Olympics and Paralympic Games in Tokyo (Tokyo 2020) [27] . 
Health Warnings on Cigarette Packs Health Warnings on HTP Packs

Front of pack (in Japanese)
Smoking is a cause of lung cancer. According to epidemiological estimates, smokers are about two to four times more likely than non-smokers to die of lung cancer.
Smoking is a cause of lung cancer, and can increase the risk of myocardial infarction, stroke, and aggravate the symptoms of emphysema.
Smoking increases risk of myocardial infarction. According to epidemiological estimates, smokers are about 1.7 times more likely than non-smokers to die of a heart attack.
Smoking increases risk of stroke. According to epidemiological estimates, smokers are about 1.7 times more likely than non-smokers to die of a stroke.
Smoking can aggravate the symptoms of emphysema.
Back of pack (in Japanese)
Smoking during pregnancy is a cause of preterm delivery and impaired fetal growth. According to epidemiological estimates, pregnant women who smoke have almost double the risk of low birth weight and three times the risk of premature birth than pregnant women who do not smoke.
The degree may differ from person to person, but nicotine causes addiction to smoking.
Smoking while underage heightens the addiction and damage to health caused by cigarettes. Never smoke, even if encouraged to by those around you. 
Health Warnings on Cigarette Packs Health Warnings on HTP Packs
Front of pack (in Japanese)
Smoking is a cause of lung cancer, and can increase the risk of myocardial infarction, stroke, and aggravate the symptoms of emphysema. Smoking increases risk of myocardial infarction. According to epidemiological estimates, smokers are about 1.7 times more likely than non-smokers to die of a heart attack.
Back of pack (in Japanese)
Smoking during pregnancy is a cause of preterm delivery and impaired fetal growth. According to epidemiological estimates, pregnant women who smoke have almost double the risk of low birth weight and three times the risk of premature birth than pregnant women who do not smoke. Currently, very little is known about the effectiveness of Japan's text-only health warnings. One experimental study of adult (≥20 years) smokers in Japan found that pictorial warnings on cigarette packs were perceived as leaving more of an impression, more eye-catching, more frightening, easier to understand, more convincing, and more likely to encourage smokers to share health information with a smoking friend, compared to current text-only warnings [29] . To our knowledge, there have been no population-based studies of the effectiveness of the existing text-only cigarette health warnings in Japan.
In this study, we focus on examining the impact of text-only cigarette health warnings in Japan, as measured by key indicators of warning effectiveness: (1) salience (noticing and reading warnings);
(2) behavioral responses (forgoing cigarette because of warnings and avoiding warnings); and (3) cognitive responses (thinking about harms and quitting because of warnings). We also examined the level of public support for pictorial warnings in Japan.
Materials and Methods
Data Source and Sample
Data are from Wave 1 of the International Tobacco Control (ITC) Japan Survey, a cohort survey of adult (≥20 years) cigarette smokers, HTP users, cigarette and HTP dual users, and non-users of cigarettes and HTPs (hereinafter referred to as non-users).
A full description of the study methods (compliant with the Checklist for Reporting Results of Internet E-Surveys [30] ) and survey design is available elsewhere [31] . Briefly, respondents were recruited from the Rakuten Insight panel in Japan. The survey was administered via the web in Japanese from February to March 2018 and took approximately 27 min to complete.
The sample comprised the following cohorts: 1) current cigarette smokers (n = 3306), 2) HTP only users (n = 207), 3) cigarette and HTP dual users (n = 555), and 4) non-users (n = 616). The Rakuten web panel is designed to be nationally representative of the Japanese population. Sampling weights were computed for all respondents and calibrated to target figures from the 2017 Japan Society and New Tobacco Internet Survey [32] to ensure that the final sample was representative of Japanese smokers, HTP only users, cigarette and HTP dual users, and non-users. The survey cooperation and response rates for the total sample were 96.3% and 45.1%, respectively, which are high within the typical range for online surveys [30, 33, 34] . Research ethics approval was obtained from the Office of Research Ethics at the University of Waterloo, Canada.
The analyses presented here are based on a total sample of 4684 respondents: 3306 current cigarette smokers, 555 dual users (cigarette smokers who also use HTP), and 823 non-cigarette smokers (HTP only users, and non-users of cigarettes and HTP).
Measures
Demographics
Demographic variables were: region of residence (Hokkaido/Tohoku, Kanto, Chubu/Kansai, Chugoku/Shikoku/Kyushu/Okinawa), age (20-29, 30-39, 40-59, 60+), sex (female, male), education level (low: junior high school/high school, moderate: vocational school/junior college/technical college, high: undergraduate/postgraduate, no answer), and annual household income (low: <4 million yen, moderate: 4 to 6 million yen, high: >6 million yen, no answer).
Smoking Status Classification
Because this study focuses on the effectiveness of cigarette health warnings, smoking status classification was based on whether respondents smoke cigarettes and are exposed to cigarette pack warnings. Current cigarette smokers were defined as those who smoked at least 100 cigarettes during their lifetime and smoked cigarettes at least monthly and used HTP less than weekly. Dual users were defined as those who smoked cigarettes at least monthly and used HTP at least weekly. Non-cigarette smokers were defined as those who: (1) have quit smoking cigarettes, smoked less than monthly or never smoked cigarettes AND reported any current use of HTP (HTP only users), or (2) have quit smoking cigarettes, smoked less than monthly, or never smoked cigarettes AND reported no current use of HTP (non-users of cigarettes and HTPs). Further details on smoking status classification are provided in Appendix A.
Health Warning Effectiveness
We used six measures that have been identified as key indicators of health warning effectiveness [35] . Previous research evaluating the impact of health warnings have used these measures, including studies conducted by the International Tobacco Control Policy Evaluation Project (ITC Project) in Canada, the United States, the United Kingdom, and Australia [36] , Uruguay [37] , Brazil [14] , Mexico [38] , Thailand [39] , Malaysia [40] , China [41] , Mauritius [42] , and six European countries (Germany, Greece, Hungary, Poland, Romania, and Spain) [43] . Studies have demonstrated that these key indicators of warning effectiveness are significant predictors of important outcomes, such as subsequent quit intentions and quit attempts [44] .
Health warning salience among cigarette smokers, dual users, and non-cigarette smokers was measured by two questions: (1) 'In the last 30 days, how often have you noticed the warning labels on cigarette packages?', and (2) 'In the last 30 days, how often have you read or looked closely at warning labels on cigarette packages?' (for respondents who reported noticing warnings). Among those respondents who noticed, and read or looked closely at warnings, responses were dichotomized as 'often/very often' and 'never/rarely/sometimes'. Responses 'refused' and 'don't know' were excluded.
Behavioral reactions among cigarette smokers and dual users were measured by two questions: (1) 'In the last 30 days, have the warning labels stopped you from having a cigarette when you were about to smoke one?' Responses were dichotomized as 'once/a few times/many times' and 'never'; responses 'refused' and 'don't know' were excluded; and (2) 'In the last 30 days, have you made any effort to avoid looking at or thinking about the warning labels-such as covering them up, keeping them out of sight, using a cigarette case, avoiding certain warnings, or any other means?' Responses were 'yes' and 'no'; responses 'refused' and 'don't know' were excluded.
Cognitive reactions among cigarette smokers, dual users, and non-cigarette smokers were measured by two questions: (1) 'To what extent do the warning labels make you think about the health risks of smoking cigarettes?', and (2) 'To what extent do the warning labels on cigarette packs make you more likely to quit smoking?' (for respondents who were cigarette smokers or dual users) Responses were dichotomized as 'a lot' and 'not at all/a little'. Responses 'refused' and 'don't know' were excluded.
Support for Pictorial Health Warnings
Support for pictorial health warnings among cigarette smokers, dual users, and non-cigarette smokers was measured by the question: 'Would you support or oppose the government including pictures as part of the warning labels on cigarette packs?' Responses were dichotomized as 'strongly support/support' and 'oppose/strongly oppose/don't know'. Response 'refused' was excluded.
Data Analysis
Demographic and smoking characteristics of the sample were estimated using unweighted descriptive statistics. Weighted multivariable logistic regression models were used to examine the demographic and behavioral characteristics associated with each of the six indicators of health warning effectiveness, and support for pictorial health warnings. Regression models controlled for sex, age group, household income, education level, and smoking status. All analyses were conducted with SAS version 9.4 software (Research Triangle Institute, Cary, NC, USA). Table 2 presents the sample characteristics. Overall, the majority of respondents were male (70.0%) and cigarette smokers (70.6%). Most were aged 40 to 59 years (42.1%) and had high education (45.0%). 
Results
Sample Characteristics
Predictors of Health Warning Effectiveness
Tables 3-6 present the results of the weighted multiple logistic regression models of predictors for each of the six indicators of health warning effectiveness, controlling for demographic covariates. Differences in the sample size between models are due to the fact that only respondents with complete data for all covariates and outcome measures were included in the analysis.
Health Warning Salience
Overall, 15.6% of respondents noticed health warnings 'often/very often'. Cigarette smokers (29.7%) and dual users (20.6%) were more likely to notice health warnings than non-cigarette smokers (11.7%). Females (12.2%) were less likely to notice warnings than males (18.7%). Respondents aged 30-39 years (21.3%) were more likely to notice warnings than respondents aged 20-29 years (10.3%). There were no other differences by age, income, and education (see Table 3 ).
Overall, 7.9% of respondents read or looked closely at health warnings. Cigarette smokers (13.7%) and dual users (11.3%) were more likely to read or look closely at the warnings than non-cigarette smokers (6.2%). Females (5.6%) were less likely to read or look at warnings than males (9.7%). Respondents with higher income (11.8%) were more likely to read or look closely at health warnings than those with lower income (4.9%). There were no other differences by age and education (see Table 3 ).
Behavioral Reactions to Health Warnings
Overall, 10.3% of cigarette smokers and dual users said that health warnings stopped them from having a cigarette when they were about to smoke one. Dual users (17.1%) were more likely to forgo a cigarette because of health warnings than cigarette smokers (9.8%). Younger respondents aged 20 to 29 years (16.7%) were more likely to forgo a cigarette than respondents in all other age groups (8.4 to 11.6%). Respondents with moderate (11.4%) to higher income (11.9%) were more likely to forgo a cigarette than those with lower income (7.9%). There were no other differences by sex and education (see Table 4 ).
Overall, 7.2% of cigarette smokers and dual users avoided looking at or thinking about health warnings. Cigarette smokers (6.9%) were less likely to avoid looking at or thinking about warnings than dual users (10.7%). Younger respondents aged 20 to 29 years (12.4%) were more likely to avoid warnings than respondents in all other age groups (6.3 to 7.0%). There were no other differences by sex, income, and education (see Table 4 ).
Cognitive Reactions to Health Warnings
Overall, 27.5% of respondents said that warnings made them think about the health risks of smoking cigarettes 'a lot'. Cigarette smokers (9.1%) and dual users (13.1%) were less likely to say that the warnings made them think about health risks of smoking than non-cigarette smokers (32.2%). Older respondents aged 60+ years (35.2%) were more likely to say that health warnings made them think about the health risks of smoking than young respondents aged 20 to 29 years (19.8%). There were no other differences by sex, income, and education (see Table 5 ).
Overall, only 2.7% of cigarette smokers and dual users said that health warnings made them 'a lot' more likely to quit smoking cigarettes, with no differences between cigarette smokers (2.7%) and dual users (3.4%). There were no other differences by sex, age, income, and education (see Table 5 ).
Support for Pictorial Warnings on Cigarette Packs
Overall, 57.6% of respondents said that they would 'strongly support/support' pictorial warnings on cigarette packs. In the weighted multiple regression model of predictors of support for pictorial warnings, lower support was reported by cigarette smokers (29.4%) and dual users (36.3%) compared to non-cigarette smokers (64.2%). Respondents with moderate (67.3%) and higher income (60.4%) were more likely to support pictorial warnings than those with lower income (47.6%). There were no other differences by sex, age, and education (see Table 6 ). Significance levels are indicated as follows: * p < 0.05; ** p < 0.01; *** p < 0.001. CI, confidence interval; aOR, adjusted odds ratio of noticing warnings (0: never/rarely/sometimes, 1: often/very often); reading or looking at warnings (0: never/rarely/sometimes, 1: often/very often). Significance levels are indicated as follows: * p < 0.05; ** p < 0.01; *** p < 0.001. CI, confidence interval; aOR, adjusted odds ratio of thinking about risks of smoking (0: not at all/a little, 1: a lot); making you more likely to quit (0: not at all/a little, 1: a lot). 
Discussion
This study demonstrates that Japanese text-only cigarette pack warnings are largely ineffective. The warnings generally fail to capture people's attention, including smokers who have the greatest exposure to health warning messages on cigarette packs. For example, only 13.7% of Japanese smokers and 11.3% of dual users read or looked closely at the warnings. About one-quarter of smokers (29.7%) and dual users (20.6%) noticed the warnings-which is much lower than the percentage of smokers who noticed warnings in Australia (52.0%) and China (43.1%) at the time when these two countries had text-only warnings of a similar size as Japan's current warnings; and in the United Kingdom (44.0%) at the time when they had text-only warnings that were even smaller than Japan's current warnings [40, 45] . The weak salience of Japan's text-only warnings is even more pronounced when compared to significant increases in smokers' noticing of warnings following the change from text-only to pictorial warnings in other countries, such as Malaysia (54 to 67%) [40] , Thailand (62 to 70%) [46] , and Mauritius (58 to 83%) [42] .
Behavioral reactions to the Japanese warnings also point to their lack of impact. For example, only 1 in 10 smokers are forgoing cigarettes because of the warnings or making efforts to avoid the warnings, which are behaviors that have been shown to predict quit attempts in population-based studies from many countries, including Australia, Canada, the United Kingdom, the United States, Thailand, and Malaysia [12, 13, 39, 47, 48] .
The Japanese health warnings seem to be helpful for conveying health information to non-cigarette smokers, by encouraging 32.2% to think about the health risks of smoking. Nevertheless, only 9.1% of smokers and 13.1% of dual users said that health warnings made them think about the health risks of smoking, and 2.7% of smokers and 3.4% of dual users said that the warnings made them more likely to quit. These findings are consistent with previous studies conducted in China and Malaysia, which showed that text-only warnings encouraged less than 9.0% of smokers in both countries to think about smoking-related health risks. Although the percentage of smokers who said that text-only warnings made them more likely to quit was also low in both countries (6.6% in China, 15.0% in Malaysia) [40, 49] , it was still many times higher than it was among smokers in Japan.
Differences in the effectiveness of health warnings across different countries are likely due to factors that were not assessed in this study. For example, the salience of health warnings and smokers' behavioral and cognitive responses to warnings may be affected by country-specific factors, such as the strength and comprehensiveness of existing tobacco control programs, and social norms for tobacco use, in addition to individual-level factors, such as health knowledge, level of nicotine dependence, and perceptions of the risks of smoking.
Findings from this study highlight the need for stronger health warnings in Japan. In December 2018, the Japanese Ministry of Finance decided to increase the size of text-only warnings from 30 to 50% of the front and back of cigarette packs, which will come into effect on 1 April 2020, three months prior to Tokyo 2020. While the forthcoming health warnings meet the WHO FCTC recommended warning size of 50% of the front and back of cigarette packs, they still fail to meet WHO FCTC Article 11 guidelines that call for the use of pictorial warnings covering more than 50% of the front and back of packs.
The present study found that the majority of respondents (57.6%) want the Japanese government to implement pictorial warnings on cigarette packs, which is lower than public support in Russia (87.0%) and Brazil (76.0%) [50, 51] . Support for pictorial warnings in Japan was highest among non-cigarette smokers (64.2%), followed by dual users (36.3%), and lowest among cigarette smokers (29.4%)-levels well below support previously reported by non-smokers in China (80.2%) [41] , as well as smokers in Russia (80.0%) and Brazil (73.0%) [50, 51] . Based on previous research showing increased support for smoke-free laws and plain packaging after policy implementation [52] [53] [54] [55] [56] , it is likely that support for pictorial warnings would increase if the policy were to be implemented in Japan.
It is unclear why support for pictorial warnings is lower in Japan compared to other countries. One possibility is that the Japanese population-especially smokers-have a poor understanding of the negative health impacts of smoking due to the lack of comprehensive public education programmes. Indeed, the 2017 WHO report on the global epidemic showed that no national mass media campaigns about the dangers of tobacco use and benefits of quitting were conducted in Japan between July 2014 and June 2016 [57] . National campaigns are needed to educate people about the dangers of tobacco use and to build public support for stronger health warnings in Japan. Mass media campaigns that are designed to reinforce health warning messages-such as those conducted by the Australian government when pictorial warnings were first introduced in the country [58] -are likely to enhance the effectiveness of health warnings for communication of the consequences of tobacco use in order to encourage cessation and prevent uptake [59] . Studies showing increases in knowledge for various health effects following the implementation of pictorial health warnings in Australia, Canada, Mexico, Thailand, and the United Kingdom [24] suggest that Japanese health warnings should be strengthened in order to target gaps in smoking-related health knowledge, which may then encourage more smokers to quit [60] .
This study has several limitations. First, self-reported measures may be subject to response bias. Second, our survey design did not allow for examination of the effectiveness of individual health warnings. Existing experimental literature demonstrates that pictorial cigarette warnings are more effective than text-only warnings [25] , but more experimental research is needed to better understand whether the impact of Japan's health warnings depends on the specific content, design elements, and other features of warning messages. Third, findings are based on cross-sectional data, and we were not able to compare the impact of text-only versus pictorial warnings. Longitudinal studies will be important to track whether the low effectiveness of Japan's text-only warnings is maintained. But a more likely outcome over time is that the effectiveness of Japan's warnings would actually decrease because of the known phenomenon of "warning wear-out"-warnings become less effective over repeated exposures. ITC studies have documented warning wear-out in several countries, including Canada and the United States [61] and Mauritius [42] . Longitudinal studies would also be valuable to measure the likely increase in health warning effectiveness if Japan's text-only warnings are replaced with pictorial warnings, as called for by the WHO FCTC. Finally, we did not examine the effectiveness of Japan's health warnings on packaging for HTPs, which are recognized as tobacco products under the WHO FCTC and thus subject to the same provisions for cigarettes [62] .
Conclusions
The current findings demonstrate the low effectiveness of text-only warnings in Japan across all key indicators of health warning salience, and behavioral and cognitive responses to the warnings. Japan's text-only warnings only meet WHO FCTC minimum standards, and are weak compared to large pictorial warnings that have been implemented in other high-income countries such as New Zealand, Hong Kong, and Australia; and low and middle-income countries such as Timor-Leste, Nepal, and India [28] . There is a critical need to implement stronger health warnings in Japan that comply with WHO FCTC Article 11 and its guidelines, which previous studies have found to be important for communicating information on the health risks of smoking to the public, motivating smokers to quit, and reducing smoking initiation.
